Understanding the trade-offs in improving the precision of agricultural measures through survey design is crucial. Yet, standard indicators used to determine program effectiveness may be flawed and at a differential rate for men and women. The authors use a household survey from Mozambique to estimate the measurement error from male and female self-reports of their adoption and knowledge of three practices: intercropping, mulching, and strip tillage. Despite clear differences in human and physical capital, there are no obvious differences in the knowledge, adoption, and error in self-reporting between men and women.
Understanding the trade-offs in improving the precision of agricultural measures through survey design is crucial. Yet, standard indicators used to determine program effectiveness may be flawed and at a differential rate for men and women. The authors use a household survey from Mozambique to estimate the measurement error from male and female self-reports of their adoption and knowledge of three practices: intercropping, mulching, and strip tillage. Despite clear differences in human and physical capital, there are no obvious differences in the knowledge, adoption, and error in self-reporting between men and women.
Having received training unanimously lowers knowledge misreports and increases adoption misreports. Other determinants of reporting error differ by gender. Misreporting is positively associated with a greater number of plots for men. Recall decay on measures of knowledge appears prominent among men but not women. Findings from regression and cost-effectiveness analyses always favor the collection of objective measures of knowledge. Given the lowest rate of accuracy for adoption was around 80 percent, costlier objective adoption measures are recommended for a subsample in regions with heterogeneous farm sizes.
Introduction
In this paper, we ask: What drives misreporting in agricultural surveys? We exploit objective and subjective measures of agricultural knowledge and adoption to study the determinants of misreporting, with a focus on the gender of the respondent. Findings from regression and costeectiveness analyses are used to formulate recommendations for extending our applications to standard rural household surveys. Recent studies focus on the reliability of agricultural productivity estimates constructed from available developing country surveys. Beegle et al. (2012) randomized interview timing to assess the extent of recall bias on measures of inputs and outputs in Kenya, Malawi, and Rwanda. Consistent with the broader literature on recall bias, they nd that salient events, such as the use of hired labor, and factors of importance, such as fertilizer use, were less subject to recall bias. Deininger et al. (2012) examine the reliability of diaries as a tool for improving measurement of agricultural productivity particularly for crops that are harvested continuously throughout the year. They nd that the output value for continuously harvested crops is systematically under-estimated in standard agricultural surveys.
Our contribution is threefold. First, we document the extent to which self-reported measures of agricultural knowledge and adoption are subject to measurement error. Second, we investigate the determinants of measurement error. We focus on four culprits: response bias, observed respondent characteristics, exposure to training, and recall decay. Third, we assess the cost-eectiveness of improving survey design in terms of gains in precision.
Self-reported (subjective) and objective measures of knowledge and adoption of sustainable land management (SLM) practices were surveyed to measure the impact of an agricultural extension intervention (Kondylis, Mueller, and Zhu, 2014). Kondylis, Mueller, and Zhu (2014) exploit this special feature of the survey design to formally document the importance of perceptions versus information accuracy in inuencing behavior. Other strands of the literature have performed similar analysis. House et al. (2004) and Knight (2005) nd that subjective knowledge signicantly determines a consumer's willingness to accept a genetically modied product or biotechnology application.
We next investigate gender-specic determinants of misreporting. Building on previous eorts in health (Butler et Finally, we provide a cost-eectiveness analysis to illustrate the feasibility of incorporating knowledge exams and eld measurement of adoption into rural household surveys. The costs of these survey tools are compared to the improvement in precision gained. Final recommendations for future monitoring and evaluation practices are based on these assessments.
We nd that, while the incidence of false negative and positive response is similar across men and women, the determinants of misreporting vary with the gender of the respondent. We document that men and women are systematically more likely to underreport their knowledge of agricultural practices and over-report their adoption. Despite clear dierences in human and physical capital, there are no obvious gender dierences in the precision of knowledge and adoption measures. Having been trained on a given technique is associated with lower knowledge misreports and higher adoption misreports for both men and women. Other determinants of reporting error dier by gender.
Misreporting is positively associated with a greater number of plots for men. Recall decay appears prominent among men but not women for knowledge outcomes. Findings from cost-eectiveness and regression analyses always favor the collection of objective measures of knowledge. Given the lowest rate of accuracy for adoption was around 80 percent, objective adoption measures are recommended for a subsample in regions with heterogeneous farm sizes.
Data

Study Region
The research study was conducted in Mozambique's Zambezi Valley, and covered districts across all but one of its four provinces (Sofala, Tete and Zambezia). The valley spans 5.5 million hectares of arable land, accounting for 15% of Mozambique's overall arable land (FAO, 2007) . The tropical climate provides abundant rainfall and the majority of the nation's water reserve. Economic activity stagnated following the end of the civil war in the 1990s. The national government currently targets agricultural investments in this region to encourage growth given its potential (World Bank, 2007).
There are two farming seasons each year in the Zambezi: a rainy season from October to March and a dry season from April to September. Farming is the main source of food and income, and farmers grow maize, cassava, beans, sorghum, and rice as main food crops, and sesame, cotton, cashew nuts, sugar, and tobacco as main cash crops. Agricultural productivity is low in the area, in part attributable to the lack of advanced technologies. Smallholders, who represent 98% of Mozambique's farmers, use low-yield seed varieties and traditional farming methods (Sachs, Toledano, and Maples, 2011). In addition, more than 95% of women are engaged in agricultural activities compared to 66% of men (Farnworth, 2010) . Despite the high participation rate and the essential role in growing food crops for families, female farmers are disadvantaged by their lack of accesses to farming inputs, resources, extension services, and land security in Mozambique (Uaiene and Arndt,
2009).
We use data from the 2012 Smallholder's Survey, which were collected in the context of a technology adoption randomized controlled trial (RCT) on a large government-World Bank investment in the agricultural sector (Kondylis, Mueller, and Zhu, 2014).
1 The sample consists of 4,000 households residing in ve districts of the Zambezi Valley, Mozambique (Chemba, Maringue, Mopeia, Morrumbala and Mutarara) (Figure 1 ). The survey is composed of two parts: one Computer Assisted Personal Interviewing (CAPI) questionnaire, lled indoors by dierent respondents and at various levels (household, individual, and plot); and one paper-based plot survey conducted in the eld on household's main plots.
Subjective and objective knowledge and adoption outcomes were asked of two individuals per household, the household head and his/her partner or spouse.
2 Eight sustainable land management (SLM) practices were documented based on the curriculum of the education intervention and prior adoption practices in the region. We focus on the measurement of the three most common techniques: intercropping, mulching, and strip tillage. A ctitious practice was introduced as a placebo, planting in squares, to check for the sensitivity of self-reporting to response bias.
Knowledge and Adoption Measures
During the interview, enumerators asked the respondent to name any conservation agricultural technique that he knew. When the respondent answered one of the nine SLM techniques, enumerators marked it on the pop-up window as known. The process was repeated until the respondent listed all of the techniques he knew. Our rst self-reported measure, know by memory, reects the respondent's ability to recall the name of SLM techniques.
3
After the respondent recollected the techniques he knew, enumerators read the remaining techniques (including the placebo) from the survey list and asked whether the respondent knew each technique. Our second self-reported knowledge measure, know by name, is based on these responses. Logically, if a respondent knows a technique by memory, he will also know the technique by name. Therefore, for each person, the techniques known by memory are a subset of the techniques known by name, and knowing by memory is a sucient condition to knowing by name. As with the knowledge measure, we create two sets of binary variables from the adoption information. During the indoor interview, farmers were asked whether they adopted each of the SLM techniques they knew by name in the 2011/2012 rainy season. 5 We use this to build our subjective adoption measure. To collect an objective measure of adoption, enumerators were eld-trained to identify SLM techniques in practice. The eld interview took place after planting and before harvest, so that enumerators could observe adoption and measure the area on which each SLM technique was practiced.
6 If the area exceeded zero, the objective measure of adoption indicator takes a value of one.
For the adoption analysis, we restrict the sample to respondents who manage only one plot in the household. Self-reported adoption is collected at the individual level, while objective adoption is only measured for the main plot of the respondents. For consistency, we restrict our analysis of both subjective and objective adoption to the sample of households with male and/or female respondents managing no more than one plot. In spite of slight dierences between the restricted and omitted samples in terms of demographics and crop choice, 7 the analysis remains informative in the search for methods that improve data collection eorts of agricultural production measures in similar settings in Africa. 4 Our knowledge exam provides a comprehensive set of questions that describe each technique. For the purpose of our study, it was important to measure how knowledgeable a farmer was about dierent techniques. However, testing dierent stringencies in the line of questioning could be of interest, particularly, for deriving the characteristics of an optimal knowledge exam.
5 This implies that our analysis of adoption measures is conditional on knowing a technique by name.
6 Respondents were unaware of the eld visits until completion of the entire indoor survey. 7 The sample used for the adoption analysis reects individuals at earlier stages in their life cycle with smaller households and a greater tendency to complete their primary education (Table A.1). A greater proportion of the restricted sample also produces maize, yet has similar inclinations to grow cash crops ( Men and women also use diverse agricultural practices and inputs ( Table 1 ). The plots managed by women tend to be smaller: the main plot of women (men) averages 0.7 (0.9) hectares. A greater proportion of men use pesticides and chemical fertilizers. Men spend more time farming on their larger main plots where cash crops (e.g., cotton and sesame) are grown in addition to maize, a staple.
Women diversify from maize by producing crops typically used as cooking ingredients. Women's plots also suer less from erosion. One possible explanation is the cultivation practices for staple crops have fewer consequences on erosion than those applied for cash crops (e.g., deep tillage). Table 4 displays the shares of accurate, false positive, and false negative knowledge and adoption responses. A false positive (negative) indicates that the respondent reported knowing/adopting (not knowing/adopting) the technique, while the objective measure indicated otherwise.
Measurement Error in Knowledge and Adoption Measures
Across the board, having farmers recall techniques by memory consistently produces more false negatives, except for intercropping. Patterns are remarkably similar across men and women respondents. These results suggest that standard questions used to elicit farmer familiarity with an agricultural practice may mask true knowledge of agricultural practices. Reporting accuracy overall improves when allowing the enumerator to read the names of the techniques. Relying on the memory of farmers to recall agricultural conservation techniques may bias response rates downward.
The alternative line of questioning, know by name, suciently decreases the incidence of false negatives and moderately increases false positives, leading to a sizeable increase in correct responses.
Intercropping is especially sensitive to the knowledge outcome used, where accuracy improves 38 percentage points for women and 34 percentage points for men when the enumerator reads the names of all techniques.
We nd that self-reported measures of adoption lead to a high incidence of correct responses, with the share of correct answers for mulching and strip tillage on the order of 85-95 percent. The error rate is pronounced for the most widely practiced technique, intercropping, in the study area, on the order of 80 percent. False positives are particularly common at 17-20 percent. Again, the precision in self-reported adoption exhibits similar patterns across gender.
Determinants of Misreporting
In what follows, we try to decipher what drives the tendency to on average understate knowledge and overstate adoption. Understanding the factors that drive measurement error may shed light on more cost-eective approaches to improving the precision of agricultural outcomes, particularly with respect to SLM adoption.
Response Bias
Bias can arise from the respondent's desire to be accepted by the enumerator and his peers. Numerous studies in the social sciences oer methods for reducing its associated measurement error (King and Bruner, 2000) . Recent work demonstrates the fallibility of using social desirability indexes as an explanatory variable, a commonly practiced technique to reduce response bias. Norwood and Lusk (2011) conceptually show when the marginal cost of exhibiting social desirable behavior is zero, as in such hypothetical contexts, the behavior of individuals can be similar despite varying social desirability index values. Inference from hypothetical and non-hypothetical choice experiments corroborates their prediction: correlations between the social desirability index and socially desired behavior are greater for non-hypothetical choices.
To gauge the extent of response bias in our subjective knowledge measures, we added a placebo technique to the list of SLM techniques surveyed (planting in squares).
9 Since this technique is ctitious, no farmer should know it by memory. Hence we consider the 0.2 percent of men and women who knew the placebo outcome by memory to be routing errors. Taking these errors out of our know by name measure 10 implies that only 0.3 percent of men and 0.2 percent of women assert knowing the placebo technique by name, as prompted by the enumerator. The small magnitude observed suggests that any inference derived from our self-reported, subjective measure of knowledge should be broadly immune to response bias. In addition, the dierences in response bias by gender are not statistically dierent.
Using the same logic as above, response bias is not implicit in our self-reported adoption outcomes. A negligible portion of the sample reported adopting the placebo (6 individuals). Thus, knowledge and adoption responses to the placebo imply misreporting is not driven by a respondent's tendency to over-report to receive peer approval.
9 Although we did not randomize the placement of the placebo in the list, the placebo technique was listed as the sixth of nine techniques. How the list is read will depend on which techniques the farmer recalled by memory, so technique placement on the list varies for each individualalbeit non-randomly.
10 Another way to think about misreporting would be to remove these routing errors from the denominator when computing the incidence of misreporting. This does not substantially change the results.
Respondent-Specic Characteristics and Recall Bias
We estimate separate linear probability models for male and female respondents to identify the determinants of measurement error Y (false negative/positive reporting): Interviewer j + e.
(1)
The dependent variable is equal to one if an individual's subjective outcome does not coincide with the true, objective outcome, and is otherwise zero. Standard errors are always clustered at the community level to allow for within-community correlation of unobserved factors that inuence false reporting.
11
We include several variables in vector X to examine which individual characteristics drive misreporting. Demographic and wealth characteristics 12 are included to evaluate the extent to which socioeconomic characteristics aect false reporting. We also include the number of plots in the household learned the technique: Ever learned, Ever learned Ö Learned this technique 6-10 years ago, Ever learned Ö Learned this technique 11-20 years ago, and Ever learned Ö Learned this technique over 20 years ago (the omitted category is Never learned this technique). The eect on misreports associated with having learned a technique less than ve years ago is provided by the coecient on "Ever Learned".
14 The estimated parameters on these variables capture recall bias, as well as the role of experience with a particular technique. We are unable to disentangle these two eects, and the expected sign on the corresponding coecients is therefore ambiguous. Experience with a technique over time may improve familiarity and, hence, lead to higher precision in self-reporting.
The opposite is true for recall decay.
Finally, we control for the duration of the CAPI portion of the household interview to account for survey fatigue, and include enumerator indicators to purge our estimates from any measurement error associated with the transcription process and enumerator idiosyncrasies.
15
One limitation of the analysis is the ability to identify biases associated with respondent's attitudes. We are unable to capture these dimensions of one's personality with variables available on the survey instrument, and certainly the eects measured on the regression parameters may be inuenced by the omission of such variables. The cross-sectional nature of the survey data also precludes the inclusion of individual xed eects which would greatly reduce the tendency for bias caused by unobserved individual-specic characteristics that inuence false reporting. For these reasons, the estimated coecients should be largely interpreted as correlations rather than causal drivers of false reporting.
We present the estimated marginal eects of variables on the false reporting of knowledge and adoption in Tables 5 and 6. 16 Somewhat surprisingly, autonomy as measured by one's marital 14 For a farmer who learned the technique 6 years ago, the eect is measures as the sum of the coecients on "Ever learned" and "Ever learned Ö Learned this technique 6-10 years ago". Similar computations are made to measure dierent durations since receipt of training.
15 As a measure of recall decay, we initially used the dierence in the days between the rst interview date in the household's district and the actual interview date of each household. The average dierence in days (56) was rather low relative to previous work. The estimated parameters on the recall variable were statistically equivalent to zero.
Adding a squared term to the model only conrmed a lack of correlation. We also tried to exploit the presence of a randomized intervention in our study areas to create an exogenous measure of exposure to SLM techniques in our sample. Communities that received the treatment had contact farmers who were trained in SLM techniques, fteen months prior to the survey (Kondylis, Mueller, and Zhu, 2014). The parameters on the treatment variable were also statistically insignicant. status aects mostly the accuracy of male responses and schooling has no eect on the accuracy of knowledge and adoption responses. Regarding the former, single and formerly married men tend to provide more accurate responses for strip tillage outcomes and inaccurate responses for intercropping
outcomes. This appears counter-intuitive to the extent that, autonomous individuals are often the decision-makers in their household and may be more motivated to acquaint themselves with available farming practices and their trade-os. We expected autonomy to be especially relevant for women.
Having ever learned the technique has the strongest association with self-reported accuracy.
Having ever learned the technique is signicantly associated with lower levels of error in self-reported measures of knowledge. This is intuitive, as, all else being equal, having received a training on a specic technique should increase the farmer's probability of knowing a technique by name. In contrast, having ever learned a technique is associated with higher adoption misreports on the order of 10 percentage points. The magnitude of the eect is remarkably similar across technique.
One interpretation of the opposing eects on knowledge and adoption is that trained respondents are prone to social desirability bias. However, we cannot establish causality nor directly test the mechanisms underlying these combined eects.
Recall decay weakens the precision of self-reported knowledge outcomes only among men, while having known the technique longer leads to higher precision in the case of women. The measurement error seems to increase with the timing of learning for the mulching outcomes of men but not women.
Rather, women who learned strip tillage and intercropping techniques over 20 years ago appear to have more precise responses. For women, there is only one instance where recall has a marginally signicant correlation with the adoption measurement error.
As with schooling, there is no consistent impact of wealth on the reporting of knowledge and adoption outcomes. The estimated parameters on the total landholdings' variable are statistically dierent from zero in only three cases. Men on larger farms tend to provide more accurate responses of their intercropping knowledge but less accurate responses for their strip tillage adoption. Women on larger farms tend to provide less accurate responses of their intercropping adoption.
The positive impact of the majority of the signicant parameters on the total number of plots and the number of male adults' variables suggest two possible inuences on false reporting. First, given the opportunity cost of their time, farmers with larger or more productive farms may be less inclined to respond carefully to the survey questions. Such inclinations have been shown in survey work in Uganda, where educated farmers who received a diary were less likely to provide an entry (Deininger et al., 2012 ). An alternative explanation is that as farming practices are divided across a number of plots and responsibilities shared across individual household members, the response of our household heads and spouses may be less precise.
Cost-eectiveness Analysis
We further motivate the use of a knowledge exam to capture farmer awareness of the SLM techniques by comparing the total costs of adding the questions to the survey to the improved precision of the knowledge outcomes. We multiply the number of exam questions for a given technique by the price per survey question. The price per question is derived by dividing the cost of each indoor survey, which equals the total cost of the survey minus the cost of the eld survey, by the total number of questions asked on the indoor survey.
Our cost estimates for measuring objective adoption are computed using the additional time spent by the enumerator to collect information in the eld and the associated transportation costs (see Table A .2 for details). Since the objective measurement of SLM adoption is done for all techniques at once and the marginal cost of adding a technique to measure in the eld visit is minimal, we present a single estimate for the additional costs of adding objective adoption measures, but allow the improvement of the precision to vary by technique. By construction, we tend to underestimate the cost of adoption, as we exclude the additional cost of training the enumerators to identify the technique in the eld and cannot account for the exact time spent by the driver.
In contrast, we will tend to overestimate the cost of asking additional knowledge questions as we assume that the marginal cost per survey question equals the average cost per survey question.
The cost-eectiveness estimates in Table 7 indicate knowledge exam questions produce substantial benets. Over the whole survey an additional $1,170 would improve the precision of self-reported strip tillage and mulching knowledge by 23-34 percent, while an additional $2,340 spent on intercropping knowledge questions would improve the precision by only 9 percent. The gains to including the intercropping questions are rather small, since the majority of respondents could identify the technique by name. If costs were divisible, this implies that an additional $100 spent on the use of a knowledge exam can potentially lead to a 0.4-2 percent increase in the accuracy of outcomes.
As shown in Section 2, the descriptive statistics on the measurement error suggest that the self-reported adoption measures are more accurate than the self-reported knowledge outcomes. For example, the self-reported adoption rates for strip tillage are over 90 percent accurate, which may render the additional costs of training enumerators, interview time, and transporting enumerators between plots and households less valuable. In fact, sending the enumerators to the respondents' main plot led to much smaller gains in the precision per dollar spent. Our lower bound estimate of the eld visit is about $25,000, with returns to precision ranging from 7 to 27 percent.
Conclusion
We compare subjective and objective responses on the knowledge of conservation agricultural practices to gauge the reliability of self-reported measures. Men and women farmers are equally unlikely to recollect these practices without name prompting. Even when farmers are asked if they are familiar with a practice from the list, jargon can interfere with observing the respondent's true knowledge. Farmers' scores on an agricultural knowledge exam suggest self-reported measures may underestimate true knowledge. Interestingly, despite clear dierences in demographics and access to inputs, we nd no dierences in the misreporting of knowledge across gender lines.
A similar exercise was performed for the adoption of conservation agricultural practices. Enumerators visited the main plots of male and female farmers to conrm the practice and measure the area of the plot that the practice was adopted. Comparisons between subjective and objective measures of adoption were reassuring: for many techniques, there were accuracy rates of around 80 percent or above. The most widely practiced technique, intercropping, appeared most susceptible to bias on adoption responses. Given that few farmers admitted to adopting the placebo technique, it is less likely the measurement error stems from response bias.
The land fragmentation and farm size were often associated with the quality of responses in regressions. For example, the misreporting of intercropping adoption, the most error-ridden outcome, was more frequent among male farmers with numerous plots. Land fragmentation dilutes any one household member's knowledge of the techniques practiced on his land. A smaller positive correlation between the misreporting of intercropping adoption and total landholdings was detected for female farmers.
The strongest correlates of misreporting were exposure to training and the recall period. For men and women, exposure to training lowers the incidence of knowledge misreports and increases adoption misreports. Duration of recall periods, however, dierentially inuences the false reporting of men and women. The inaccuracy of self-reported mulching knowledge increases with the time in which male farmers rst learned the technique. In contrast, female farmers gave more precise strip tillage and intercropping knowledge measures when they learned the technique over twenty years ago but not a single year before. This suggests that the negative eects of recall bias dominate for men, while the positive impact of long-term experience is more prominent for women. Duration of recall periods had almost no eect on the accuracy of adoption measures. Note: Community clustered standard errors used for the t statistics. * p<0.10 ** p<0.05 *** p<0.01. Note: Community clustered standard errors used for the t statistics.* p<0.10 ** p<0.05 *** p<0.01. Standard errors in parentheses. * p<0.10 ** p<0.05 *** p<0.01 Standard errors in parentheses. * p<0.10 ** p<0.05 *** p<0.01 Standard errors in parentheses. * p<0.10 ** p<0.05 *** p<0.01 Table A 
